Abstract. The aim of the paper is to present a way to reduce mechanical vibrations that are transmitted to the operator's arm at workplace. This can be done using an innovative device, a damper mounted parallel to the forearm, between the wrist and the elbow.
Introduction
The subject of this paper has as starting point the analysis of the measurements of mechanical vibrations transmitted from a machine-tool to the human operator. It was observed that transmitting vibrations, at low frequencies, in this paper around 20Hz, at the causes negative effects on the individual's health, respectively professionally diseases (for example Vibration White Finger, joint disorders, etc). I was found that, these disorders are especially associated to the intensity of the vibrations the individual is subjected to, i.e. the duration of the exposure and their frequency. Apart from the exposure and their frequency, there are other factors that influence the occurrence of these disorders, such as: the environment, the health status, stature, weight and sex [1] [2] [3] [4] [5] .
When talking about transmitting mechanical vibrations to the hand-arm system, the literature mentions protective equipment against the transmission of mechanical vibrations to the hand, namely gloves manufactured from various materials (rubber, linen, combinations of these, etc.), there are of course, other protection measures against the transmission of mechanical vibrations to the hand-arm system. Some of the vibratory devices are manufactured with parts meant to protect the operator against vibrations. The protective measures refer to the design of the machine with incorporated attenuators, and the ergonomic construction of such vibratory tools and devices. Sometimes, the construction material is the one that facilitates the vibration reduction (such as rubber) [1, 2] . This paper however focuses on the first part, namely protective gear against the transmission of vibrations to the hand-arm system, which is being mounted on.
In our country, in the period 1992-2011, the professional diseases due to work increased. From this perspective, the most affected from the occupational point of view were: locksmiths, miners, smelters, foundry-workers, welders, medical assistants, carpenters and mechanics workers (Fig. 1, Fig. 2 ).
In the order of simulation of movements defining the anatomical elements (hand, forearm, arm) of the hand-arm system, using the same simplifying conditions used as in the mechanical model from figure 3, as the same mechanical parameters (viscous-elastic coefficients), masses, lengths, etc., two methods developed in Simulink-SimMechanics [3, 4, 6, 16 and 17] . This way, the two models (schemes) developed in SimMechanics: one representing a hand-arm model without vibration attenuator and the second having this attenuator mounted on the forearm shall be presented in the figures 4 and 5.
The results obtained by simulation of the hand-arm system displacements (linear and angular displacements) [8] [9] [10] are graphically represented by Scope Blocks in SimMechanics. Respectively, for the hand (z 1 ) displacement, for the forearm (z 2 ) displacement, for the arm displacements (x 3 , z 3 ), and rotation (Ɵ 3 ) for the Oy h -angular displacement produced in the elbow joint. Table 3 Visco-elastic coefficients of hand-arm system, under the conditions imposed by table 1 The solutions obtained [11] [12] [13] [14] [15] [16] [17] are the result of the integration of a differential equations system through the SimMechanics (Simulink) module using the 4th order Runge-Kutta method (ODE 45), and an integration period of 5s (Fig. 6, and Fig. 7) . N/m [7] k t1 = 2 Nm/rad [7] c 0 = 30 Ns/m [7] c t1 = 4,9 Nms/rad [7] figure 3 , respectively Weld Blocks (c.) and Cylindrical Joints (Joint elbow and Shoulder Block d1. and d2.). Also, it presents blocks that allow setting the displacement or rotation direction of the system as a Prismatic Block (e.). In other words, the connection between the blocks creates the same model as the theoretical model resulted from the mathematical modeling. Also, it can intervene in this system by imposing entry conditions that is z and the input frequency or pulse given by the Ground Block (f.), Machine Environment Block and Signal Generator (g1. and g2.).
By accessing any of these blocks, a window opens in which it can input the mechanical theoretical model characteristics given by figure 3 . Subsequently, this model will simulate the displacements of the system created by Simulink. The Joint Actuator Block and Body Sensor Block (h1. and h2.) take over the displacements of the masses and convey it to the Scope Block (i1. and i2.). This displays graphically the displacements of the center of these masses. Main displacement is imposed by the Prismatic Block (e.), which, in the case of this paper, is the z-axis that is along the hand-arm system. In this case, the selection of the x, y, z coordinates in the data window will be: x = 0; y = 0; z = 1. It notice that only the elbow joint that is the m 3 mass of the arm displacements (displacements of the mass center presented in i2. block) along all three axes. For this reason it select x = 1, y = 1 (displacements given by the angle 3 θ ), and z = 1. 5 ). In the next paragraph will be present the main blocks of the SimMechanics scheme. Therefore, ensemble 1 contains in SimMechanics the blocks Env and Ground specific for the source of excitation (machine-tool), and the Signal block where it is imposed at simulation the frequency or the excitation pulsation. The source of excitation is considered for this model is at a rotation of 250 rpm -rotations per minute (f = 4.16 Hz) (Fig.6) , and respectively at the rotation of 1000rpm (f = 16.66 Hz) (Fig.7) , similar to the theoretical model studied at the mechanical model presented in the figure 3.
The ensembles noted 2, 3, and 4 in the figures 4a, 5a are connected between each other by Prismatic Blocks, blocks that impose the direction of the vibrations transmission, by axis Oz h , and for the arm it is considered and the direction of transmission after Ox h .
Equally, ensembles 1, 2, 3, and 4 are connected between each other by Spring and Damper Blocks, representing the blocks where the mechanical characteristic are introduced (rigidity and dampness coefficients) of the hand-arm system, according to Table 2 . Ensembles 2, 3, and 4, and subsequently for the vibration attenuator device ensemble 5 ( Fig. 4a and The Body Sensor and Scope Blocks are necessary for the visualization of individual solutions, on the anatomic elements: hand, forearm and arm, respectively the visualization of solutions (linear and angular displacements) of the system, obtained in SimMechanics.
In the study of the block scheme, the simplifying conditions imposed by the mechanical model in figure 3 were complied with, so it was considered the rotation in the shoulder joint of 0°, and in SimMechanics this was represented by Weld and Ground Blocks of ensemble 4 (Fig.4) , and of ensemble 5 ( The results obtained, in SimMechanics, were processed and overtaken in Excel, they analyzed comparatively regarding the two cases studied, respectively the hand-arm system without montage of the vibration attenuator device and with the it mounted on the forearm ( Fig.6, Fig.7 ).
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b. Fig. 5a . The schematic ensemble model of the hand-arm system; b. The scheme model of the mechanical model representing the hand-arm system, having mounted along the forearm the vibration attenuator developed in SimMechanics.
Analysis of the Solutions Obtained from the Simulation of the Displacements of the Hand-Arm System, Without or With the Vibration Attenuator Device Mounted on the Forearm
In the figures 6a and 7a can be observed the movement of the hand (z 1 displacement) for the rotation of the machine-tool of 250rpm, is not influenced by montage of the vibration attenuator device along the forearm (Fig.6a) or it is very slightly influenced by this, at the rotation of 1000rpm (Fig.7a) . This behaviour might be due to the fact, that the vibration attenuator device is mounted after the joint, this only influencing the transmission of the vibrations from the joint up the forearm and the arm. The z 1 displacement takes a maximal value of the graphic (Fig.6a) around 0.003 m. Graphically, it can be observed that the vibrations transmitted from the source of excitation (machine-tool) are reduced, in case a mechanic vibration attenuator device mounted on the forearm in used. This displacement is noted in the paper with z 3 , and it is graphically represented in figures 6c and 7c.
In the figures 6b and 7b, it can be observed the minimization of the transmission of the vibrations for the forearm and the arm, when a vibration attenuator device is mounted along the forearm is used (z 2 ). The values of the z 2 displacements for the forearm are minimized from 0.003m till 0.002m (Fig.6b.) (the revolution of 250rpm) and from 0.0025m till 0.0008m (Fig.7b) (the revolution of 1000rpm).
To these graphics minimization (reduction) of the displacements, it vary from 0.001m till 0.0025m (n = 250 rpm) (Fig. 6c) and from 0.01m till 0.00025m (n = 1000rpm) presented in the figure 7c.
Due to the fact, that in the figures 7, comparatively with figures 6, the excitation at the entrance in the hand-arm system is 4 times bigger (from 250rpm till 1000rpm), for the same integration period (5s), and the frequency of graphical representations of the displacements harmonics are of 4 times bigger.
The results (displacements) obtained are graphical represented in the figures 6 and 7, it showed that the mechanical vibrations transmitted from the source of excitation (machine-tool) till the hand-arm system are minimized along it. Therefore at the arm, respectively elbow joint the vibrations are minimized by over 50%, all these having been proved only in the case of usage of a vibration attenuator device mounted along the forearm. 
Experimental Researches
The researches regarding the transmissibility of mechanical vibrations to the arm-hand system have been performed by measuring the mechanical vibrations using a drilling machine. The machine drilled through a chemically treated MDF board using a 10cm drill. The experiment measured the vibrations transmitted by the machine when operating with percussion and without percussion (Fig.8-16 ).
The innovative idea of this paper is the creation (design and realization of the practice) of a vibration attenuator device, which will be mounted along of the forearm; this could minimize the transmitted vibration, by the hand up the arm (Fig.18b.) . The vibration attenuator device (containing 2 dampers) was mounted along the forearm and fixed with a complex shank (bracelets). The damper device was mounted between the wrist and the elbow, parallel to the forearm (Fig. 18b) , in accordance to the theoretical model in figure 3 , both in terms of the placement and technical characteristics (rigidisation and dampers). Also, the weight of the device is 0,5kg, just like the theoretical model. 
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The figure 18a and 18b presents the way the dampers (element 1) are fixed in the structure. They are connected to each other in the back side of the forearm with a linear and metallic clamping element which has two metallic caps welded at the ends with jaws (element 2). One of the damper ends (the mobile one) is attached to these jaws and the other one (the fixed one) has an external thread and is introduced in the holes of the bracelet (Φ11) (element 3). This fastens the two semicircles on and under the articulation with an M10 nut. The metal bracelets are fixed at the other end of the forearm (above the wrist) with an M5 screw and nut (element 4).
A 40 year old male, weighing 85kg and 1.85m tall, used and handled the drilling machine. The measurements used an inductive transducer (accelerometer type K 3 ), (element 5, and Fig.18a) , being able to simultaneously measure vibrations on three axes: Ox h , Oy h , Oz h . This was connected to a vibration measuring device type SVAN 958. The study was done only for the vibration transmission on the Oz h , axis, respectively alongside the forearm of the hand-arm system. The accelerometer was mounted on the anatomic locations: wrist and elbow, being fastened directly under the metallic bracelet by tightening it (Fig. 18) and directly on the arm (taped). The results are analyzed in the figures 8-16 for all the cases taken into account by the experiment and taking into consideration the anatomic location (wrist, elbow and shoulder), the way in which the bracelets were fastened on the skin (sponge - Fig. 18a and felt -Fig. 18b) , and whether the drilling machine worked with or without percussion. The interior padding of the metallic bracelets have been done to prevent skin lesions and to prevent blocking the worker's forearm movements.
Next it explicit the way in which the dampers were chosen (two elements marked with 1, in figure 18a, which is mounted in series, parallel to the forearm, in the attenuator device in figure  18b ,c) according to the technical characteristics in table 5.
The two dampers are similar from the construction and technical characteristics point of view. This is why we present both as element 1 (Fig.18b,c) . They are sold based on their elastic and damping characteristics, given by the damper from the mechanical model presented in figure 3 , that is seeking technical characteristics and masses that are identical or almost identical to the theoretical model. When choosing these mini-dampers it had to take into account the fact that the entire device (including the two mini-dampers mounted in series) had not be heavier than 0.5 kg. The measured results have been analyzed and an average was calculated. They have been recorded directly by the machine, and then downloaded on the computer using a special program.
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The first analysis of the results presented in the figures 8, 9 and 10 show that the mechanical vibration are transmitted along the hand-arm system to a lower extent if:
1. a vibration attenuator is mounted along the forearm (starting with 0.07 till 0.03m for the hand, 0.08-0.03 for the forearm and 0.005 till 0.0025 for the arm); 2.
the percussion of the drilling machine is not used; 3.
the internal padding of the bracelets that are part of the attenuator device is done with sponge and not felt.
The results in figures 11 and 12 show that, by using the drilling machine without and with percussion and a damper with felt padded bracelets, in both cases the vibrations in the three anatomic locations (hand, forearm and arm) are reduced (starting with 0.03 till 0.005m) in the first case (without percussion) in comparison the other case. with and without attenuator with felt padding, and using a drilling machine with and without percussion. Fig. 9 Vibrations transmitted to the forearm (theoretical and experimental) with and without attenuator with felt padding, and using a drilling machine with and without percussion. Fig. 10 Vibrations transmitted to the arm (theoretical and experimental) with and without attenuator with felt padding, and using a drilling machine with and without percussion. Fig. 11 Vibrations transmitted to the hand, forearm and arm with a vibration attenuator, with felt padding, and using a drilling machine without percussion. Fig. 12 Vibrations transmitted to the hand, forearm and arm with a vibration attenuator with felt padding, and using a drilling machine with percussion.
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The results presented in figures 13, 14, and 15 have shown that, the vibrations transmitted to the hand-arm system are reduced from the hand up arm, by using the vibration attenuator device (starting from 0.005 till 0.002m) and especially when using the drilling machine without percussion. This analysis was also performed comparing the theoretical model with an attenuator device included in the model.
The results presented in figures 16 and 17 show that, when using the drilling machine without and with percussion, with the same sponge padded bracelets, in both cases, the vibrations in the three anatomic locations (hand, forearm and arm) decrease (starting from 0.04 till 0.005m) in the first case (without percussion). However, the vibrations are felt harder in the hand in both cases (without and with percussion). In the case of the forearm and arm, the values do not present big differences (thousands place order), in any case lower in comparison to the case study -the felt padded bracelets. and without sponge padded damper, and using a drilling machine with and without percussion. Fig. 15 Vibrations transmitted on the arm (theoretical and experimental), with and without sponge padded damper, and using a drilling machine with and without percussion. Fig. 16 Vibrations transmitted to the hand, forearm and arm using a vibration damper padded with sponge, and using a drilling machine without percussion. Fig. 17 Vibrations transmitted to the hand, forearm and arm using a vibration damper padded with sponge, and using a drilling machine with percussion.
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Figures 18 a and b present the fastening methods for the attenuator device on the forearm and the interior padding of the bracelets with sponge and felt, and figure 19 presents the fastening elements (element 2 from figure 18b), between two vibration dampers (part of the device) mounted parallel on the worker's forearm.
Conclusions
The innovative idea of this paper was the experimental creation (design and realization of the practice) of a vibration attenuator device, which will be mounted along of the forearm; this could minimize the transmitted vibration, by the hand up the arm. Also, the purpose of the paper was to demonstrate that, the mechanical vibrations transmitted from an excitation source (ex. Machine-Tool) to the human operator (hand-arm system) are reduced from the hand to the elbow joint by mounting an attenuator device along the forearm [18, 19] . All these studies were done in order to avoid or reduce the action of the vibrations on the human body (in this case the hand-arm system) at the workplace, and respectively the reduction of their effect and the prevention of occupational illnesses. The introduction of this paper mentions that occupational illnesses occur after years of vibration exposure, at the workplace. In order for the purpose of the paper to be reached, it developed a simulated model of a hand-arm system that would coincide as much as possible with a real one and it solved the equations of the simulated model. This is a system of dynamic differential equations, so solved it using order 4 Runge-Kutta (ODE45) of the Matlab program. Also, it could not solve the equations in the lack of the anthropometric input data (mass, length, etc.) and the rigidity and dampness coefficients (k, c). It accomplished all this by means of three major steps:
a1. Creating a mechanical model and the analysis of the solutions (Fig. 3) a2. Creating a Simulink model (Fig. 4 -without attenuator device, Fig. 5 -with attenuator device mounted on the forearm), that is created according to the theoretical model given by figure 3 a3. Performing experiments (vibration measurements) on the hand-arm system (Fig.18b,c and Fig. 8-16 ), which lead to the validation of the theoretical model and the results of the simulation.
The mini-dampers (case a3.) were purchased and mounted on the device and it tried to maintain the same technical characteristics as the theoretical model given by figure 3 . The experiment, presented in this paper, was done using a drilling machine that functioned alternatively with and Advanced Engineering Forum Vols. 8-9
